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A high reliability, high voltage electronically controllable
switch is created from a combination of relays of different
types, with different characteristics, such as an electrome-
chanical relay and an optoelectronic relay. The relays are
closed and/or opened in accordance with a sequence that
avoids actuating an electromechanical relay of such a com-
pound switch to close or open under conditions that degrade
the operating life of the electromechanical relay, even if the
compound switch is hot switched under high voltage condi-
tions. The switching sequence ends with the relays in a state
that provides low on resistance, low crosstalk, low capaci-
tance and/or low leakage. The switch can be relatively com-
pact, enabling construction of an instrument serving as a
switch matrix for an automatic test system.

ABSTRACT

23 Claims, 13 Drawing Sheets

7 234B
relay
-~ I~ _
224A ITIAR 236A
T Ul - low Coff U3 - low Ron
/ } OptoMOSFET OptoMOSFET
J N I \ J S R B
— — 232BL —
,‘&/"' '\2}2 NN L I36R
S A & R UANEATZZ6B T



U.S. Patent Oct. 20, 2015 Sheet 1 of 13 US 9,165,735 B2

160

/
FIG. 1A

120

{40

DEVICE
UNDER TEST T~




US 9,165,735 B2

Sheet 2 of 13

Oct. 20, 2015

U.S. Patent

d1 "DIA

ORT o
A
[ 081 gl ‘a1 g1 \|>|J
g
_ v LINDAUID
o1 ONTINLL
/
_ _ _ I
T | | ol
0L
Gt
_ _ _ _ J
| | _ ale 01
Tiogy — -
/imﬁmw 76T J
[ L
k \
o1
/@ﬁ




US 9,165,735 B2

Sheet 3 of 13

Oct. 20, 2015

U.S. Patent

< "OIA

H:A40

330

MG £5y

A4

B 5y S0 W T

3 330 ROy Y P w.&
7 T 5 i i s
T Epwar : N | |
R N A4 A0 340 B o )Gnl
NG NG RO P T L0 o
MU ML e %5 = 2l
222 kR 51 i T A5
ADEGE D : w |

‘L

ﬁm\

@N ,,@E

097

13450W0do

13450W0ndo

o1y —

UoYy Mof -

YLy

qrez

&n 10D Mol - 1A

aree ez
~I |
Aejaa




US 9,165,735 B2

Sheet 4 of 13

Oct. 20, 2015

U.S. Patent

¢ "OL

396 345 TS RS s #90 WL ¢
395 336 W o 7

5 T 5 T ERTE
Epmas : ” ” .
W o s 395 s No w1 oge
e WG ) s T

. / ;| 13dsowoido ” /
L 10D MO| - ZN \ T P
e 2



US 9,165,735 B2

Sheet 5 0of 13

Oct. 20, 2015

U.S. Patent

iy “OId

A0z 44C ER 440 4343 N ¥y
440 S0 0 1Y) HE3 0 o} R
- . : seees -3 d 40 NG
A3 A4 34 e W P 261
403 440 # MO MO B 14
57 T i LN & i EY
Apwad : : : ”
Hi MO A A0 A0 A i3
MO N MO 440 A 440 A
X 2141
o 5 Y NG R 33 ) MW
O S Y M iy S0 14
RERE] 5179 SHG S % 17 iy
fpeas : :
]
Vi Old
TR T :
I 1 /_ I 1 ] :
— —_— — — Aejad ;
TC_TC TC_TTC :
13480W0do 13450W0ydo : ﬂ« 1
uoy MoJ - $n 440D Mo} - Zn T /srwm
Cit:
viv I | .
Agjad <
[} :




US 9,165,735 B2

Sheet 6 of 13

Oct. 20, 2015

U.S. Patent

ds "I

4t

330 AdD

KT

A4 L ./cm,m..

240 240 240 440 NG MO
A A AAQ e i #E
4403 #3403 P i8] B i8]
N 1t 1 B 5 1
DooApmas : : : :

e

P

2970

Mo ]

134S0Wo3do

uoy Mo} - N

1
@



US 9,165,735 B2

Sheet 7 of 13

Oct. 20, 2015

U.S. Patent

440

A:A0

30

440

FC3

340

430

440

5%

FE

pxy

440

A3

ik

B0

5%

A0

330

NO

NG

10

E55

2%

50 i

10

YT

A4 Uy

Apwwi

. v
»4

MG

330

440

330

B4

B

w0

A4

A0

i

M

P

MY

A0

50
i

MO

MO

H

1§

e
3
3

By

PO WA

YT

GLg
T Apesn

FEl

L i1

T C_TLC

V9 "DIid

133sowordo

uoy Moj - £

S9Tq

: Y
>

134s0wordo
#0O Mo} - TN

Aelad

o3
N

: 2

N

£



US 9,165,735 B2

Sheet 8 of 13

Oct. 20, 2015

U.S. Patent

dL O

4463 30

303 240

s k2

40 343

B

e 6

i 30

MO

Kt A

A0 0

R

ML i1}

094

9% 3% i I TG~ RN
TR : . : ; 4
56 3 T 5 ps

K T3 355 S 75

HiG RO e 535 Zy) MW
i i ) pRTS T
555 55 % T Fi

TC_T ¢

JTC_ T ¢

13450mWoido

13450Woido

WAcom MO - €0

e

10D Moj - Sq

LT

P

/\:,m.



a8 "Dld

US 9,165,735 B2

PG e TS 340 N 55
G40 FE) 440 54 N pe
245 240 AR U it 2 QFRTATII S Ve
340 ) RS o 55 5
N3 fi s w §es (5
3 3 & i TE- i
ST TR VT 330 &4
NGy 435 T T i35 o
NG NO At A3 340 EX v v TNy
jle] NO KO A0 40 &3
1) ) R NG 540
5 51T SHT 5 i T8

Sheet 9 of 13

Oct. 20, 2015

R L
134s50noido 134s0Wodo :
uoY MOJ - HOD Mol - Zn :
£y 0es
_>m_w‘__
CEg

U.S. Patent

NG

V8 Ol

mmrwx



US 9,165,735 B2

Sheet 10 of 13

Oct. 20, 2015

U.S. Patent

K|

A403 4453 A403 430
340 40 340 443 B
4403 4403 HAF R ‘
4303 23402 MU MU »
340G WO WO HO RO

Ya
e
G

u} yu
3% %
3 A2

2
<
i
P
<

g0 g NG

Wi
NS
o

s
I3 e

R EE EEa EE A4

MO PECH 3:AC 340 340

[T (AT £ I o
./.n Lm e 413 nﬁm KO AR \\/cmﬁ
P M M A4

5\

] ] ] ] s ] ]
TC _TJTC TC _TJC -
13dsowoydo 134sowoido . //

“ i gt
A uoy Mol - N 400 MOJ - 7N i’ ™ //: \, L
~pe6 086 : 16

Aej2a

ol V6 Ol

| | 476

\ Aejpd

LG

SH

Vit



01 "OId

US 9,165,735 B2

Sheet 11 of 13

Oct. 20, 2015

U.S. Patent

0Tl

vvvvvvvvvvvvvvvvvvvvv N

m - _\\\\_ \\\\:\\\w | | | |

coa — — ! — — Aefaa

. S B

z,w\H ;| 134s0W0rdo ¢ | 134s0mWordo { ,

|0 [uoumor-pn | [ wod moj - zn ™ N~
: L 760 710
C Vpend M 0e0d e 201 o
,n e VOl "DId
Aejad

31

[#éi1!

Aejad

9

3
3
H
i
H
i

A4 %) Y ) P
405 S0 34 S0 N
% “t NG
EEICIN N o ascwen | 0901
4403 BEis a3
12 a1 §°1 1 ) 1 i
dpeed ;
NG T 440 240 445 5%
) t402 TS} Er 440 et
) Fi f0 8D FET BT S ey
MO NG PO MO AL Gy Mo
N H0 N i A0 T4
Eeid 515 311 GH ) T - ALty




dil Ol

US 9,165,735 B2

Sheet 12 of 13

Oct. 20, 2015

U.S. Patent

4413 ASE 240 4303 Wi g3 S
i SO Ty g DO1
pTy PR 336 o 4 77 i
A4 340 N 3% B [
Y 9 RS 8] Fage i BN
Apwai : : ; *
fi3 KD 435 340 340 2 . TN et
MO M Ay A= 430 Py
s R WO NG Al i
ST°% R Ry it i @iy
S I ®
B V Vil "Dld
L ; e
amwu\ L i | 13ds0wodo e aly
i goomor-zn 0TIt T :
CETT T | mmmmmmmmm s o ;
: AN
: L
: Aepad :
SR :
£ pil



US 9,165,735 B2

Sheet 13 of 13

Oct. 20, 2015

U.S. Patent

VIl O

30 A0 EEO 346 MO ot 450 1
BRI A 440 i N3 gy T
430 303 B O WO 1
11 B R ¥ £ Sty
D Apead : : :
FE MO 340 d30 S35 2 -
i) ) ND F N Fay IR
P i WO NG A3 TH
STY §578 50 i Al
Apwar :
mﬂu/
P L F L
P — — : Aejal
i J :
- t| i | 13ds0Wodo :
“L al : 1z
: 0D MO} - TH
LR T P L
e W
P VOO : 7
/ I 1 \.FA‘M
Aejad
: e



US 9,165,735 B2

1

HIGH RELIABILITY, HIGH VOLTAGE
SWITCH

BACKGROUND

Electronic components, such as semiconductor devices,
are frequently tested, sometimes multiple times during their
manufacture, using automatic test equipment. To perform
these tests, automated test equipment may include instru-
ments that generate or measure test signals such that a range
of operating conditions can be tested on a particular device.
An instrument may generate or measure a pattern of digital
signals to enable testing of digital logic within a semiconduc-
tor device. Other instruments may generate high frequency
analog signals, while others might generate waveforms of
arbitrary shapes. Some instruments may also generate or
measure relatively high voltages, either for testing high volt-
age portions of a device or for supplying power to a device
under test.

To support testing of multiple types of devices, or to sup-
port running multiple tests on the same type of device, auto-
matic test system may be configurable so that different instru-
ments may be coupled to different test points at different
times. A test system may include a switch matrix that allows
any of a number of instruments to be switched to any of a
number of test points.

For low voltage signals, whether analog or digital, the
switch matrix may be implemented with reed relays. Reed
relays are electromechanical relays, which provide a low on
resistance and a low leakage current when off. For higher
voltages, electromechanical relays may also be used. How-
ever, switching of higher voltage signals can create reliability
problems in electromechanical relays that do not occur with
lower voltage signals. As one example, electromechanical
relays switching high voltages may “stick,” such that they do
not open reliably after some period of operation.

The contact resistance of electromechanical relays used for
switching high voltages may also vary unpredictably. A varia-
tion in contact resistance can be particularly problematic for
a test system because a change of even one Ohm in contact
resistance can change test results. For example, a relay might
be designed for a nominal contact resistance on the order of
50 milliOhms. A change of one Ohm would be significant as
a percentage of the expected on resistance. In an automatic
test system, a relay might be switched into a different con-
figuration multiple times during the test of a single device,
and might test thousands of devices in a day. As a result, if a
relay fails after switching even tens of thousands of times, the
relay will fail after a very short period of use.

In the past, mercury wettable switches were sometimes
used to reduce reliability concerns for higher voltage signals.
These switches contained mercury, which could be used to
quickly and reliably close the relay without arcing. Mercury
wetted switches have significantly longer lives than dry-
switched relays. Though, mercury switches recently have
become disfavored because they are not suited for modern test
systems that are designed to allow a test head to be placed in
multiple orientations. Because a mercury switch is position
sensitive, if the test head is moved to a position in which the
switch does not operate, the test system might not perform as
expected. In addition, mercury switches may be prohibited in
some locations because of environmental concerns.

Accordingly, some test systems use “dry” electromechani-
cal relays even for high voltage signals. Owners of such test
systems may be advised not to reconfigure the test system so
as to cause a relay to switch while a high voltage is across it.
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Such switching, sometimes called “hot switching,” can con-
tribute to the failure of relays after a relatively low number of
cycles.

Hot switching can be useful in automatic test systems and
other applications. For testing semiconductor devices,
throughput of the test system is a significant contributor to
efficiency in a manufacturing facility. Hot switching allows
the test system to quickly move from stage to stage in a test
job, improving throughput. To address reliability concerns
with hot switching, some users of automatic test instruments
have built test system interface boards that include relatively
large relays that are less susceptible damage if hot switched.
In addition, these relays may be mounted in sockets such that,
if a failure occurs, the relay can be easily replaced.

Alternatives to using electromechanical switches include
using solid state relays, such as optoelectronic relays. How-
ever, solid state relays have a higher on resistance than reed
relays. For some applications, including automatic test sys-
tems, a high on resistance is undesirable. In addition, solid
state switches can generate crosstalk, which can interfere
with testing operations.

A further alternative for avoiding the need for hot switch-
ing is to configure the test system to avoid the need for
switching high voltage instruments. A sufficient number of
high voltage instruments could be provided such that each test
point to receive a high voltage signal could have a dedicated
connection to an instrument. Though, this approach can be
expensive.

SUMMARY

Reliable switching of high voltages is provided through a
compound switch that includes both an electromechanical
and a solid state switching device. To open or close the com-
pound switch, the individual switching devices are controlled
in accordance with a sequence that avoids actuating the elec-
tromechanical switching device while there is a potentially
damaging voltage across terminals of the electromechanical
switching device. The order in which the constituent switch-
ing devices of the compound switch are actuated may depend
on whether the compound switch is being opened or closed,
allowing the electromechanical switching device to be iso-
lated from potentially damaging voltages during both open-
ing and closing sequences.

In some embodiments, a solid state switching device and
an electromechanical switching device may be configured
and controlled as a compound switch such that, during a
closing cycle, the electromechanical switching device closes
while the solid state switch is in a high resistance state. These
components may be connected such that they form a voltage
divider between the terminals of the compound switch. As a
result, any voltage across the terminals of the compound
switch is distributed across the higher resistance of the solid
state switch, isolating the electromechanical switching
device from the high voltage. During an opening sequence,
the switching sequence may be reversed such that the elec-
tromechanical switching device is also actuated while iso-
lated from a voltage above a threshold by the solid state
switching device.

In some embodiments, a solid state switching device and
an electromechanical switching device may be configured
and controlled as a compound switch such that, during a
closing cycle, the electromechanical switching device closes
while the solid state switching device is closed, completing a
connection across terminals of the electromechanical switch-
ing device that provides a low voltage drop.



US 9,165,735 B2

3

In some embodiments, one or more electromechanical
switching devices may be used in combination with two or
more solid state switching devices. These solid state switch-
ing devices may have different electrical performance param-
eters. One solid state switching device may have a low on
resistance for completing a connection across terminals of the
electromechanical switching device. Another solid state
switching device isolating an electromechanical switching
device may have alow off capacitance. The solid state switch-
ing device with a low off capacitance may isolate the electro-
mechanical switching device from a voltage above a thresh-
old associated with a reduction in reliability, even if the hot
switched voltage across the compound switch is an AC volt-
age or includes a transient component.

Various configurations of the switching devices may be
used to form a compound switch. For low leakage in the open
state, the electromechanical switching device may be con-
nected in series with the solid state switching device. For a
low on resistance for the compound switch, the electrome-
chanical switching device may be connected in parallel with
the solid state switching device. For both a low on resistance
and low leakage, the compound switch may include multiple
electromechanical switching devices, providing paths in
series with and shunting the solid state switching element.

In some embodiments, multiple solid state switching
devices may be used in the compound switch. The solid state
switching devices may have different characteristics and may
be controlled in a sequence such that different solid state
switching devices are actuated at different times. In some
specific embodiments, at least two solid state switching
devices may be employed in a compound switch. One device
may have a lower capacitance, but higher resistance. The
other may have a lower resistance, but higher capacitance.
These components may be configured and operated such that,
regardless of whether a resistive or capacitive voltage divider
is created by the solid state switching devices at any time
during actuation of the compound switch, the voltage across
any electromechanical switching device is relatively low
while the electromechanical switching device is opening or
closing.

In some embodiments, the electromechanical switching
device may be a reed relay. Such a component may provide a
low on resistance and high isolation and may be free of
mercury. Such a component may also provide low crosstalk.
The compound switch may be configured such that, in a
closed state and/or an open state, the properties of one or more
electromechanical switching devices, such as reed relays,
dominate the properties of the compound switch. Though, by
engaging the solid state switching elements during actuation
of the compound switch to isolate the electromechanical
switching devices from the full voltage across the terminals of
the compound switch, sensitive electromechanical switching
devices, such as reed relays, are protected from damage. In
this way, desirable switching properties can be obtained, even
for hot switching scenarios.

In accordance with some embodiments, a compound
switch provides good isolation, low leakage, low cross talk
and low capacitance. Such a switch device is well suited for
use in an automatic test system. A cross point switch com-
prising a plurality of such compound switches may be con-
figured as an instrument for insertion into an automatic test
system.

Accordingly, in some aspects, the invention may be
embodied in a compound switch.

In a further aspect, the invention may be embodied in an
instrument for an automatic test system using multiple com-
pound switches.
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In yet a further aspect, the invention may be embodied in a
method of operating a compound switch.

The foregoing is a non-limiting summary of the invention,
which is defined by the attached claims.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings are not intended to be drawn
to scale. In the drawings, each identical or nearly identical
component that is illustrated in various figures is represented
by a like numeral. For purposes of clarity, not every compo-
nent may be labeled in every drawing. In the drawings:

FIG. 1A is a schematic illustration of an exemplary
embodiment of a test system;

FIG. 1B is a schematic illustration of an exemplary
embodiment of instrument implementing a switch matrix;

FIG. 2A is a schematic illustration of a first exemplary
embodiment of a compound switch;

FIG. 2B is a table illustrating a sequence of operations in
actuation of the compound switch of FIG. 2A;

FIG. 3A is a schematic illustration of a second exemplary
embodiment of a compound switch;

FIG. 3B is a table illustrating a sequence of operations in
actuation of the compound switch of FIG. 3A;

FIG. 4A is a schematic illustration of a third exemplary
embodiment of a compound switch;

FIG. 4B is a table illustrating a sequence of operations in
actuation of the compound switch of FIG. 4A;

FIG. 5A is a schematic illustration of a fourth exemplary
embodiment of a compound switch;

FIG. 5B is a table illustrating a sequence of operations in
actuation of the compound switch of FIG. 5A;

FIG. 6A is a schematic illustration of a fifth exemplary
embodiment of a compound switch;

FIG. 6B is a table illustrating a sequence of operations in
actuation of the compound switch of FIG. 6A;

FIG. 7A is a schematic illustration of a sixth exemplary
embodiment of a compound switch;

FIG. 7B is a table illustrating a sequence of operations in
actuation of the compound switch of FIG. 7A;

FIG. 8A is a schematic illustration of a seventh exemplary
embodiment of a compound switch;

FIG. 8B is a table illustrating a sequence of operations in
actuation of the compound switch of FIG. 8A;

FIG. 9A is a schematic illustration of an eighth exemplary
embodiment of a compound switch;

FIG. 9B is a table illustrating a sequence of operations in
actuation of the compound switch of FIG. 9A;

FIG. 10A is a schematic illustration of an ninth exemplary
embodiment of a compound switch;

FIG. 10B is a table illustrating a sequence of operations in
actuation of the compound switch of FIG. 10A;

FIG. 11A is a schematic illustration of a tenth exemplary
embodiment of a compound switch;

FIG. 11B is a table illustrating a sequence of operations in
actuation of the compound switch of FIG. 11A;

FIG. 12A is a schematic illustration of an eleventh exem-
plary embodiment of a compound switch; and

FIG. 12B is a table illustrating a sequence of operations in
actuation of the compound switch of FIG. 12A.

DETAILED DESCRIPTION

The inventors have recognized and appreciated that the
reliability of an automatic test system may be improved
through the use of a compound switch formed by operating
multiple switching devices of different characteristics con-
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trolled in accordance with a sequence. One or more of the
switching devices may be electromechanical relays, such as
reed relays or micro-electromechanical machined (MEM)
devices. Though these switching devices may be of a type that
is susceptible to damage when hot switching high voltages,
the configuration of the switching devices and operating
sequence may be such that the electromechanical switching
devices are isolated from high voltages during switching.

Such compound switches may be used in other settings
where it is desirable to perform hot switching of voltages
above a threshold associated degradation of reliability. For
example, in power control devices, such as those associated
with the “smart grid,” such compound switches may also be
useful. Accordingly, though compound switches are
described herein in connection with their use in automatic test
systems, it should be appreciated that that environment is
exemplary rather than limiting of the inventive concepts dis-
closed.

FIG. 1A is a schematic illustration of an automatic test
system for testing semiconductor devices in which compound
switches as described herein may be used. Test system 100
may be constructed using techniques as are known in the art.
Though, in the illustrated embodiment, test system 100 is
constructed using compound switches in place of reed relays.

FIG. 1A illustrates that test system 100 includes a test head
120. As in a conventional test system, test head 120 includes
multiple instrument boards 110A,110B . . . 1101. Each of'the
instrument boards contains electronic circuitry to generate
and/or measure a test signal applied to a device under test 140.

In operation, electrical signals are coupled between the
instrument boards 110A,110B . . . 1101 and device under test
140 through a signal delivery interface.

In the embodiment illustrated in FIG. 1A, the signal deliv-
ery interface includes signal paths 122 within test head 120.
Signal paths 122 may be created in any suitable way, includ-
ing as traces on a backplane, using cabling or using any other
suitable interconnection technology.

In the embodiment illustrated, the signal delivery interface
includes a device interface board 132. Device interface board
132 may be constructed using techniques as are known in the
art to route signals between a coupling 130, designed to align
with signal paths 122 within test head 120 and coupling 134,
designed to align with a device under test 140. Coupling 130
may be implemented in any suitable way. For example, cou-
pling 130 may be implemented as one or more electrical
connectors or interposers.

Coupling 134 similarly may be implemented in any suit-
able way. Though, the specific implementation of coupling
134 may depend both on the nature of the device under test
140 and its state of manufacture at which it is tested. For
example, for testing a packaged semiconductor device, cou-
pling 134 may be a socket adapted to receive the packaged
semiconductor device. Alternatively, device under test 140
may be tested while still on a semiconductor wafer. In that
scenario, coupling 134 may be implemented using conduc-
tive probes designed to make contact with pads on the surface
of a semiconductor wafer. Accordingly, it should be appreci-
ated that the specific implementation of coupling 130 and
coupling 134 are not critical to the invention.

As in a conventional test system, device interface board
132 may be configured for a specific device under test. In
addition to routing signals between the test head and the test
points on the device under test, device interface board 132
may contain electronic components that perform signal rout-
ing or processing functions that are not supported by the
instruments 110A, 110B . . . 1101 within test head 120.
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Being able to generate and measure different types of test
signals at different locations on different types of devices
under test may entail rearranging the connections between the
instruments boards 110A, 110B . . . 1101 and device under test
140 at different times during operation of test system 100. In
fact, FIG. 1A provides a simplified illustration of a test system
configuration. FIG. 1A illustrates the test system 100 testing
a single device under test 140. In many embodiments, a test
system may test multiple devices under test concurrently.
Moreover, each device under test may contain multiple func-
tional regions that, because of limitations on the number and
types of test signals that can be generated or measured by the
circuitry on instrument boards 110A, 110B . . . 1101, cannot
be tested concurrently. Rather, during execution of a test job
in which all of the functional regions are tested, multiple
separate tests may be executed. Execution of the tests may
entail reconfiguring connections between the instrument
boards 110A, 110B . . . 1101 and device under test 140.

To facilitate reconfiguring these connections, test system
100 may include multiple switching devices. To facilitate
rearranging connections between circuitry on the instruments
boards 110A, 110B . . . 1101 and test points on a device under
test 140, one or more switching devices may be included on
device interface board 132, as is known in the art. These
switching devices may be controlled by a program executing
on a test system computer (not shown) or in any other suitable
way. The switching devices may be opened or closed to
connect specific ones of the instrument boards to specific
locations on the device under test 140.

Adding functionality on a device interface board may, in
some scenarios, provide useful flexibility. However, in other
scenarios itis desired to configure a test system 100 for testing
many different types of devices using the functionality con-
tained on the instrument boards 110A,110B . . . 1101 that are
otherwise installed in the test system without using additional
components on device interface board 132. Accordingly, in
some embodiments, it may be desirable to include switching
devices in a generalized configuration within test head 120. In
this way, the test system 100 may be readily configured for
testing a specific device under test without requiring the com-
plexity or added cost of including the switching devices on a
device interface board 132. One example of a technique for
incorporating switching devices within test head 120 is pro-
vided by FIG. 1B.

FIG. 1B illustrates an instrument board 110, which may be
installed within test head 120 such that it could be connected
to signal paths 122. In the example of FIG. 1B, instrument
board 110 includes inputs 170 and outputs 180. When used in
a test system, such as test system 100 (FIG. 1A), inputs 170
may be connected to some of the signal paths 122 that run to
one or more of the instruments 110A, 110B . . . 1101. Outputs
180 may be connected to others of the signal paths 122 rout-
ing signals through coupling 130 to device under test 140.
Within instrument 110 a switch matrix 150 may be configured
to connect any one of the inputs 170 to any one of the outputs
180.

In the specific example illustrated in FIG. 1B, there are
three input lines 170, designated input line 170,, 170, and
1705. There are four output lines 180, designated output line
180, output line 180, output line 1805 and output line 180,.
Switching devices within switch matrix 150 may be con-
trolled to connect any one of the input lines 170 to any one of
the output lines 180. In this example, to provide that func-
tionality, switch matrix 150 includes twelve switching
devices. Each of the switching devices connects one of the
input lines 170 to one of the output lines 180. For example, as
shown, switching device 150, ; has a terminal 152 connected
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to input line 170, . Switching device 150, ; also has a terminal
154 connected to output line 180, such that switching device
150, ; can connect input line 170, to output line 180, . Simi-
larly, switching device 150, , is shown connecting input line
170, to output line 180,. Switching device 150, , is shown
connecting input line 1705 to output line 180,. Switching
device 150, , is shown connecting input line 170, to output
line 180,. Other switching devices within matrix 150 are
shown but not numbered for simplicity.

In operation, an input line may be connected to an output
line by activating the switching device associated with those
two lines. For example, to connect input line 170, to output
line 180, switching device 150, | may be placed in a low
resistance state. Conversely, to disconnect input line 170,
from output line 180, switching device 150, ; may be placed
in a high resistance. The low resistance state may sometimes
be referred to as an “on” or “closed” state and the high
resistance state may sometimes be referred to as an “off” or
“open” state.

In operation of a test system, it is frequently desirable for
connections that form a signal path, such as is formed through
switching device 150, to be low resistance. In addition, in
some embodiments, providing a switching device that can be
“hot switched” may also be desirable. Hot switching entails
opening or closing the switching device while operational
voltages are present across its terminals, such as terminal 152
or 154. Such a scenario may arise, for example, when recon-
figuring a test system during execution of a test job. Depend-
ing on the nature of the device being tested and the nature of
the instrument generating or measuring signals used during a
test, the voltage across terminals of any of the switching
device, such as terminals 152 and 154 may be on the order of
a few volts to tens of volts. Voltages at these levels may cause
reliability problems for conventional switching devices. Such
problems may include reduced operational life or reduced
reliability.

Using larger components that are less susceptible to reli-
ability problems associated with hot switching may not be
possible in a configuration as illustrated in FIG. 1B, because
large switching devices physically may not fit in the space
available on instrument board 110. In this regard, it should be
appreciated that FIG. 1B is a simplified illustration of a switch
matrix instrument. In a test system, there may be more input
and output lines than illustrated in FIG. 1B. For example, in
some embodiments, a switch matrix instrument may have 24
input lines and 8 output lines, requiring 96 separate switching
devices to implement a switch matrix. In that scenario, large
switching devices may preclude the use of an instrument
internal to the test system. Though, using smaller but less
reliable components may preclude the use of an instrument
internal to a test head 120. Less reliable components for
example may be mounted on the device interface board 132
using mounting techniques that provide ready access to the
switching devices such that, if failures occur, the switching
devices may be readily replaced.

In accordance with some embodiments of the invention,
switching devices that are small enough and reliable enough
to be incorporated on a switch matrix instrument board are
implemented as compound switches. Compound switches
may be assembled from electromechanical and solid state
switching devices of any suitable type. In some embodiments,
combinations of three different types of switching devices
may be used to construct a compound switch (also referred to
as comboswitch).

In the illustrative embodiments of FIGS. 2A, 3A . .. 12A,
the switching devices used to form compound switches
include an electromechanical switch and two types of solid
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state switching devices. The electromechanical switching
device may be a reed relay as is known in the art. The solid
state switching devices may be implemented as optoMOS-
FETs (MOSFET switch controlled by light generated by an
LED). The two optoMOSFETs may have different param-
eters. Accordingly, the components of a compound switch
may be:

1. Electromechanical switch;

2. optoMOSFET, low Coff;

3. optoMOSFET, low Ron.

Compound switches may be constructed from combina-
tions of zero or more elements of each type. Though, it should
be appreciated that in other embodiments, different or addi-
tional elements may be used in constructing compound
switches. The switching devices used to form a compound
switch may be switching devices as are known in the art.
These switching devices, and the compound switch as a
whole, may be characterized by one or more parameters.
Table 1 lists representative parameters that may characterize
switching devices.

TABLE 1

Parameter Unit Description

Roff Ohm resistance across switch “contacts™ in OFF
state

Coff pF capacitance across switch “contacts” in OFF
state

Ron Ohm resistance across switch “contacts™ in ON
state

Ton msec time to change from OFF state to ON state

Toff msec time to change from ON state to OFF state

Ton + Toff  msec

Ide Ampere current rating of ON switch

Vsw Volt voltage allowed across switch at time of OFF
to ON

Isw Ampere current allowed through switch as it turns ON

FOM2 100/(Ron * Coff) is a Figure of Merit, higher
value is better, related to a commonly used
figure of merit Ron * Coff.

FOM4 Roff * Isw * Vsw/(Ron * Coff * (Ton + Toff))

is a Figure of Merit, higher value is better

Switching devices with any suitable values of these param-
eters may be used in forming a compound switch. However, in
some embodiments, the commonly used value parameter for
a switch, Ron*Coff, is more than 100 times lower for the
electromechanical switching device than for any solid state
switching device used in the compound switch.

The Vsw level for the electromechanical switching device,
for switching to moderate values of capacitive load (on the
order of 1 nF), may be very low e.g. less than 1 Volt. Such
values of Vsw may significantly extend operating lifetime of
the electromechanical switching device. Vsw may be setas a
threshold associated with degradation in reliability. The value
of Vsw, for example, may be determined from accelerated
life-cycle testing by identifying a value of a hot switched
voltage that leads to a probability of degradation in reliability
after some number of switching cycles. For an automatic test
system, the hot switched voltage may be on the order of 1 Volt
and the number of switching cycles, for example, may be on
the order of hundreds of thousands. Though, it should be
appreciated that other values of these parameters may be used
in determining Vsw. An acceptable degradation in reliability
may be—as just one example—a 5% increase in likelihood of
failure over the rated lifetime of the switching device such
that Vsw is selected as the hot switched voltage that provides
this level of reliability. Regardless of how obtained, the value
of Vsw may be used in selecting a compound switch archi-
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tecture or selecting specific components for a compound
switch for a particular application. For a compound switch,
the switching device with the lowest rated voltage determines
the maximum Vsw for the compound switch.

Values of other parameters may be used in selecting a
compound switch architecture and/or components for imple-
menting a compound switch. As another example, Coff of the
low Coff optoMOSFET may be low enough that the electro-
mechanical switching device can switch the desired voltage
difference Vsw into the optoMOSFET.

Ron of the low Ron optoMOSFET may be comparable to
the Ron of the electromechanical switching device, within a
factor of 3.

In some embodiments, useful, for example in connection
with test equipment carrying voltages on the order of tens of
volts or less and currents on the order of tens of Amps or less,
an electromechanical switching device used in a compound
switch may have characteristics, such as:

Roff 1.0E+12 ohm
Coff 0.2 pF
Ron 0.15 ohm
Ton + Toff 1.0 msec
Ide 1.0 Amp
Vsw 0.1 Volt
Isw 1.0 Amp
FOM2 3333
FOM4 3.3E+12

Such characteristics may be achieved in any suitable
switching device. However, in the embodiments described
herein for an automatic test system, these parameters may be
achieved in a reed relay, as in known in the art.

Compound switches may incorporate solid state switching
devices of any suitable type. In some embodiments, different
solid state switching devices may be used, possibly in com-
bination. Solid state switching devices may be selected to
provide, for example, a low off capacitance or a low on
resistance. Typically, these parameters are mutually exclu-
sive. An example of parameters of a solid state switching
device with a low off capacitance are:

Roff 2.0E+11 ohm
Coff 10.0 pF
Ron 50 ohm
Ton + Toff 0.25 msec
Ide 0.04 Amp
Vsw 200 Volt
Isw 0.04 Amp
FOM2 0.2
FOM4 1.3E+10

An example of parameters of a solid state switching device
with a low on resistance are:

Roff 6.0E+09 ohm
Coff 600 pF
Ron 0.12 ohm
Ton + Toff 5.5 msec
Ide 2.0 Amp
Vsw 60 Volt
Isw 2.0 Amp
FOM2 14
FOM4 1.8E+09

These parameters may be achieved in a solid state switch-
ing device manufactured using techniques as are known in the
art. In embodiments in which two or more solid state switch-
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ing devices are used as part of a compound switching device,
the solid state switching devices may be constructed and
packaged separately. Though, in other embodiments, the
solid state switching devices used in a single compound
switch or in multiple compound switches used together on an
instrument board may be implemented on a common sub-
strate and/or packaged in a common housing. Accordingly, it
should be appreciated that any suitable techniques may be
used to implement the elements forming a compound switch.
Moreover, it should be appreciated that the specific values for
the parameters provided above are illustrative rather than
limiting.

In the example of FIG. 1B, switching devices 150, ; . . .
150, , in the switch matrix 150 are compound switches, each
of'which is made up of multiple switching devices. To open or
close the compound switch, the constituent switching devices
are opened or closed. In some embodiments, the order in
which each of the switching devices forming a compound
switch are actuated, when the compound switch either opens
or closes, may impact the reliability of the compound switch.
In the illustrated embodiments, the switching devices form-
ing a compound switch are actuated, either upon opening or
closing of the compound switch, in an order that allows any
electromechanical switching devices that are part of the com-
pound switch to be actuated at a time when a relatively “low”
voltage is across terminals of the electromechanical switch-
ing device.

In this context, a “low” voltage may be determined as a
voltage that is less than the Vsw for the switching device. This
Vsw may be measured as a DC voltage or as an AC voltage or
transient that is present during switching. Though, the spe-
cific voltage level that is deemed low for any specific embodi-
ment may depend on any suitable number of parameters,
including the system in which the switching device is used.
The value, for example, may be based on a threshold below
which switching does not significantly impact the reliability
of the electromechanical switching device. For example, for
an electromechanical switching device implemented as a reed
relay, that threshold may be on the order of one volt. Accord-
ingly, in a compound switch implemented using such a reed
relay, other components may be configured and operated such
that, when the reed relay is activated, either opening or clos-
ing the reed relay, less than about one volt is across the
terminals of the reed relay.

Because the constituent switching devices in a compound
switch may be exposed to different voltages at different times,
the timing with which each of the constituent switching
devices are actuated may impact the overall reliability of the
compound switch. Accordingly, FIG. 1B shows that instru-
ment 110 includes a timing circuit 160. Though control inputs
are not expressly illustrated in FIG. 1B, timing circuit 160
may receive control inputs indicating that one or more of the
compound switches in switch matrix 150 is to open or close.
In response, timing circuit 160 may generate the control
signals in a prescribed order for the constituent switching
devices within the compound switch. This order may be pro-
grammed in time circuit 160 to ensure that, when the electro-
mechanical switching devices within the compound switch
are actuated, the voltage across the terminals of the electro-
mechanical switching device is below the threshold.

FIGS. 2A, 3A . . . 12A illustrate various exemplary con-
figurations of switching devices forming compound
switches. FIGS. 2B, 3B . . . 12B illustrate switching
sequences for opening and closing the compound switch. In
these examples, the switching devices that are assembled into
acompound switch are of the three types described above. For
ease of understanding the drawings, each of the switching
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devices is identified with a letter and a number. Switching
devices identified by the letter “K” are, in the illustrated
embodiments, electromechanical switching devices. Switch-
ing devices identified by the letter “U” are, in the illustrated
embodiments, solid state switching devices. The solid state
switching devices are, in these examples optoMOSFETs and
may be either of the low Coff or low Ron type, as described
above.

The numbers associated with the designation of each of the
switching devices illustrate a sequence of actuation as part of
closing the compound switch. A switching device designated
with a number “1” is closed before a switching device desig-
nated with the number “2”” Likewise, a switching device
designated with a number “2” is closed before a switching
device designated with the number “3.” For opening the com-
pound switch, the switching devices are actuated in the
reverse order of their numerical designation.

FIG. 2A illustrates a compound switch assembled with an
electromechanical switching device K2 as well as two solid
state switching devices U1 and U3, with different character-
istics. The architecture of FIG. 2A may represent an architec-
ture of a compound switch, per se, or may be a subpart of the
architecture of another compound switch.

FIG. 2A illustrates a compound switch 210. The compound
switch 210 includes terminals T, and T, and compound
switch 210 may be “hot switched” with a voltage across these
terminals. In this example, electromechanical switching
device 214 is connected in parallel with solid state switching
device 212. As can be seen, the switching devices that make
up compound switch 210 have internal terminals that are
either connected to the terminals of compound switch 210 or
connect with other internal terminals. As shown, internal
terminal 234 A of electromechanical switching device 214 is
connected to terminal 232A of solid state switching device
212. Likewise, internal terminal 234B of electromechanical
switching device 214 is connected to internal terminal 232B
of solid state switching device 212.

Solid state switching device 212 includes control termi-
nals, here shown as control terminals 222A and 222B. When
compound switch 210 is used in a circuit, such as switch
matrix instrument 110 (FIG. 1B), control terminals 222A and
222B may be connected to a control circuit, such as timing
circuit 160. A signal asserted across control terminals 222A
and 222B may cause solid state switching device 212 to
“close”” Conversely, removing the control signal, or other-
wise changing the state of the control signal applied across
control terminals 222A and 222B, may cause solid state
switching device 212 to change into an open state. Similarly,
a signal asserted or de-asserted across control terminals 224A
and 224B may cause electromechanical switching device 214
to close or open.

In the example illustrated in FIG. 2A, the parallel combi-
nation of solid state switching device 212 and electrome-
chanical switching device 214 is connected in series with a
solid state switching device 216. It can be seen that terminal
236A of solid state switching device 216 is connected to
terminals 232B and 234B of solid state switching device 212
and electromechanical switching device 214, respectively.
Solid state switching device 216 also has control terminals
226A and 226B.

In the example of FIG. 2 A, solid state switching device 212
is identified as “Ul.” Accordingly, solid state switching
device 212 is the first switching device constituting com-
pound switch 210 that is switched as part of the closing
sequence for compound switch 210. Electromechanical
switching device 214 is designated as “K2.” Accordingly,
electromechanical switching device 214 is the second of the
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switching devices constituting compound switch 210 that is
closed as part of the closing sequence of compound switch
210. Solid state switching device 216 is designated “U3.”
Accordingly, solid state switching device 216 is the third of
the three switching devices constituting compound switch
210 that is closed as part of the closing sequence for com-
pound switch 210.

This closing sequence allows electromechanical switching
device 214 to close with a relatively low voltage across ter-
minals 234A and 234B even if compound switch 210 is
closed with a relatively high voltage across its terminals T,
and T,. The meaning of a relatively high voltage across ter-
minals T, and T, may depend on the context in which com-
pound switch 210 is operating. However, as one example, a
relatively high voltage may be a voltage above a threshold at
which an electromechanical switching device 214 may oper-
ate without significant degradation in reliability. Such a
threshold may be determined by accelerated life cycle testing
or using other techniques as are known in the art. In the
context of an automatic test system for testing semiconductor
devices, this threshold may be on the order of one volt.
Though, in some embodiments, other parameters, such as the
amount of current switched, may impact the specific voltage
of the threshold.

Regardless of the specific value that defines the threshold,
the configuration of compound switch 210 in combination
with its operating sequence, allows electromechanical
switching device 214 to switch with a voltage below this
threshold across its terminals 234A and 234B. This operating
condition is achieved by first, as part of the closing sequence
for compound switch 210, closing solid state switching
device 212. In this state, solid state switching device 216 is
still in an off state. Accordingly, there is no DC path for
current between terminals T, and T,.

In this example, solid state switching device 212 has a low
Coff and solid state switching device 216 has a low Ron.
Though the on resistance of solid state switching device 212
may be higher that the on resistance of solid state switching
device 216, during the initial step of the switching sequence,
the higher on resistance of solid state switching device 212
does not impact the ultimate performance of compound
switch 210. Moreover, because there is no DC current flowing
through solid state switching device 212, there is negligible
DC voltage drop across terminals 234A and 234B of solid
state switching device 212. Because the terminals 234A and
234B of electromechanical switching device 214 are con-
nected to the terminals 232 A and 232B, it follows that there is
negligible DC voltage across electromechanical switching
device 214. Electromechanical switching device 214 may be
closed in this state.

In some scenarios, there may be an AC component to the
voltage applied across terminals T, and T,. If there is an AC
component, including a switching transient, across the termi-
nals T, and T,, this voltage may divide across the solid state
switching devices 212 and 216 in proportion to their capaci-
tances. Accordingly, though a negligible DC component of
the voltage may appear across solid state switching device
212 during hot switching of compound switch 210, the AC
component of that signal may be larger. If that AC component
were to exceed Vsw for electromechanical switching device
214, hot switching of compound switch 210 may degrade the
performance of electromechanical switching device 214. To
avoid this scenario, solid state switching device 212 may be
selected to have a capacitance relative to the capacitance of
solid state switching device 216 to be such that, during the
switching sequence, a capacitive voltage divider formed by
the capacitance of solid state switching devices 212 and 216
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yields a low enough voltage across the terminals 232A and
232B of' solid state switching device 212 that is below Vsw of
electromechanical switching device 214.

Representative relative values of parameters for solid state
switching device 212 and solid state switching device 216 are
given above, with the values of the parameters for solid state
switching device 212 being given in conjunction with a solid
state switching device with a low off capacitance. Values of
parameters suitable for a device serving as a solid state
switching device 216 are given in conjunction with a solid
state switching device with a low on resistance. Though, it
should be appreciated that other devices, with different values
for these parameters, may similarly achieve the result of
ensuring both a low DC and low AC component of a hot
switched voltage across terminals 234 A and 234B of an elec-
tromechanical relay when it is activated as part of a closing
sequence for a compound switch.

In the example of FIG. 2A, the closing sequence completes
with solid state switching device 216 closing following clos-
ing of electromechanical switching device 214. In this
example, solid state switching device 216 has a low on resis-
tance. Accordingly, the overall on resistance for compound
switch 210 is the sum of the on resistances of electromechani-
cal switching device 214 and solid state switching device 216.

Example 1 provides an illustration of values that may be
achieved with a compound switch as in FIG. 2A.

Example 1
Roff 1.7E+11
Coff 10.2
Ron 0.27
Ton + Toff 6.65
Ide 1.0
Vsw 60.0
Isw 1.0
FOM2 36
FOM4 5A4E+11

A compound switch the architecture of FIG. 2A was
observed to be robust, which the inventors theorize results
from electromechanical relay K2 being “cold switched.” This
cold switching of the electromechanical switching device K2
occurs even when the compound switch 210 is hot switched
with a voltage across terminals T, and T,.

FIG. 2B illustrates an exemplary switching sequence for
the compound switch of FIG. 2A. In this case, using the
nomenclature as described above, Ul corresponds to solid
state switching device 212. K2 corresponds to electrome-
chanical switching device 214, and U3 corresponds to solid
state switching device 216. As can be seen, when K2 closes,
its terminals are isolated from the voltage across terminals T1
and T2 because U3 is open and because its terminals are
shorted by the relatively low capacitance path provided by
Ul.

In the example of FIG. 2B, table 250 illustrates a sequence
of operations of the switching devices forming compound
switch 210 during closing of compound switch 210. In this
example, the row designated “time” gives time values in
milliseconds. Accordingly, the column headed by a time -0.1
indicates the state of the control inputs to solid state switching
elements 212 and 216 and electromechanical switching
device 214 preceding a time at which the compound switch is
activated to turn on.

The column headed with a time of 0 indicates the time at
which the switching sequence begins. As can be seen, at this
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time, control inputs for solid state switching device 212 (U1)
are asserted, turning on solid state switching device 212.

The next column, headed with a time of 0.15, illustrates a
time shortly after the application of control signals to solid
state switching device 212. In this example, that time is 0.15
milliseconds. The specific time selected may be sufficiently
long to allow the solid state switching device 212 to settle in
the on state.

Itshould be appreciated that the specific values of the times
at which the events in the switching cycle occur may depend
on the characteristics of the individual switching devices or
other factors. Accordingly, the specific time values illustrated
in FIG. 2B are exemplary rather than limiting. Regardless of
the specific time at which the next event in the switching
sequence occurs, that event may be activating electrome-
chanical switching device 214 to place it in a low resistance
on state.

The next column is headed by a time indicating 0.65 mil-
liseconds following initiation of the switching sequence. At
that time, the control inputs to solid state switching device
216 are applied, also closing solid state switching device 216.

The final column in table 250 is indicated as the “ready”
column. This column indicates a time at which compound
switch 210 is ready for use, meaning that switching transients
and other effects that may interfere with reliable operation of
compound switch 210 have passed. In an automatic test sys-
tem, this time, here illustrated as 5.65 millisecond, may rep-
resent the amount of time after application of a command to
close compound switch 210 until signals propagating through
compound switch 210 are used in testing a semiconductor
device.

Table 260 illustrates a corresponding sequence of opera-
tions for turning off compound switch 210. As with Table 250,
Table 260 illustrates that the switching devices making up
compound switching device 210 are actuated in an order
indicated by their numbering. Though, for turning off com-
pound switch 210, the switching devices are actuated in
reverse order. Accordingly, at time zero, indicating a time at
which a command to open compound switch 210 is provided,
solid state switching device 216 is turned off.

At a second time, here 0.5 milliseconds following that
command, electromechanical switching device 214 is actu-
ated. At yet a further time, here illustrated as one millisecond
following the command, solid state switching device 212 is
actuated. Subsequently, here illustrated to be at a time 1.1
milliseconds following application of the command, com-
pound switch 210 has settled into an off state.

FIG. 2A illustrates a configuration of compound switch
210 that may be useful in scenarios in which a hot switched
voltage across terminals T, and T, may have an AC compo-
nent. FIG. 3A illustrates a compound switch 310 that may
provide a simpler implementation for scenarios in which any
AC voltage across terminals T5 and T, during hot switching of
compound switch 310 is unlikely to impact the reliability of
electromechanical switching device 312.

In this example, compound switch 310 includes two
switching devices, electromechanical switching device 312
and solid state switching device 314. In this example, elec-
tromechanical switching device 312 has properties as given
above. Solid state switching device 314 has properties as
given above for a solid state switching device with low Coff.
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Example 2 provides an illustration of values that may be
achieved with a compound switch as in FIG. 3A.

Example 2

16

Example 3 provides an illustration of values that may be
achieved with a compound switch as in FIG. 4A.

Example 3

Roff 1.0E+12
Coff 0.2
Ron 50
Ton + Toff 1.25
Ide 0.04
Vsw 200.0
Isw 0.04
FOM2 10
FOM4 6.4E+11

FIG. 3B provides an example of a switching sequence for
compound switch 310. Table 350 illustrates timing and
sequencing of operations to close compound switch 310. As
illustrated in FIG. 350, electromechanical switching device
312 is closed (i.e., turned on) at a time when solid state
switching device 314 is turned off. Accordingly, even when
compound switch 310 is hot switched, electromechanical
switching device 312 is “cold switched” because it is isolated
from the voltage across terminals T; and T, by solid state
switching device 314. As shown in Table 360, this condition
is repeated for the sequence of events to open compound
switch 310.

Turning to FIG. 4A, a further example of a compound
switch 410 is provided. In this example, compound switch
410 has an architecture similar to compound switch 310.
However, rather than a single element forming solid state
switching device 314, compound switch 410 includes a solid
state switching device 414 that includes a combination of
switching devices.

In this example, solid state switching device 414 has an
architecture in the form of compound switching device 210.
Like for compound switching device 210, FIG. 4A shows
solid state switching device 414 assembled from solid state
switching devices 420 and 424 and electromechanical
switching device 422.

A compound switch with the architecture illustrated in
FIG. 4A, may be applied even in scenarios when a hot
switched voltage across terminals T and T, has an AC com-
ponent that might otherwise degrade the reliability of elec-
tromechanical switching device 412.

In this example, each of the electromechanical switching
devices 412 and 422 has similar characteristics and may have
parameters as described above for an electromechanical
switching device. Though, it should be recognized it is not a
requirement that both electromechanical switching device
412 and electromechanical switching device 422 have the
same construction. In this example, solid state switching
device 420 has values for parameters as defined above for a
solid state switching device with low C off. Solid state switch-
ing device 424 has values of parameters as described above
for a solid state switching device with a low R on. These
values lead to a ratio of capacitance between solid state
switching device 420 and solid state switching device 424
that ensures a low voltage across the terminals of electrome-
chanical switching device 422 when it is actuated. Though, it
should be appreciated that any suitable values for these
parameters may be employed.
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Roff 1.0E+12
Coff 0.2
Ron 0.42
Ton + Toff 7.75
Ide 1.0
Vsw 60.0
Isw 1.0
FOM2 1191
FOM4 9.2E+13

FIG. 4B illustrates timing sequences for operation of the
constituent switching devices illustrated in FIG. 4A. Table
450 illustrates a sequence of events during actuation of com-
pound switch 410. In this example, Table 450 defines events
during a closing sequence for compound switch 410. Table
460 defines corresponding events for an opening sequence for
compound switch 410. Tables 450 and 460 are interpreted as
described above in connection with FIGS. 2B and
3B—though the switching devices listed in the tables repre-
sent those depicted in FIG. 4A.

FIG. 5A illustrates a further alternative embodiment of a
compound switch architecture. In this example, compound
switch 510 has an architecture analogous to the architecture
of compound switch 210 (FIG. 2A). However, in this
example, solid state switching device 212 is implemented by
acombo switch having an architecture like combo switch 310
(FIG. 3A). This architecture allows both electromechanical
switching device 520 and electromechanical switching
device 524 to be actuated even while a voltage is imposed
across terminals T, and Ty of compound switch 510. In this
example, electromechanical switching devices 520 and 524
may have the characteristics as described above. Solid state
switching device 522 may have characteristics as described
above for a solid state switching device having a low Coff.
Solid state switching device 526 may have characteristics as
described above for a solid state switching device having a
low Ron.

Example 4 provides an illustration of values that may be
achieved with a compound switch as in FIG. 5A.

Example 4

Roff 5.0E+11
Coff 0.4
Ron 0.27
Ton + Toff 7.75
Ide 1.0
Vsw 60.0
Isw 1.0
FOM2 926
FOM4 3.6E+13

FIG. 5B illustrates switching sequences for the switching
devices making of compound switch 510. As with the other
timing tables in FIGS. 6B . . . 12B, these timing tables are
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interpreted as described above—though the elements listed in
the tables relate in each case to a different architecture. In this
case, the table relates to the architecture in FIG. SA.

As can be seen from Table 550, electromechanical switch-
ing device 520, when it is actuated, is isolated from a voltage
across terminals T, and Ty by solid state switching devices
522 and 526. Upon actuation, electromechanical switching
device 524 is isolated from any DC component across termi-
nals T, and Ty by solid state switching device 526. Any AC
component to a voltage across terminals T, and Ty is rela-
tively low across the terminals of solid state switching device
522 because of the relative capacitance of combo switch 512
and solid state switching device 526. Table 560 illustrates
corresponding conditions created upon opening of combo
switch 510.

FIG. 6A illustrates a further architecture of a compound
switch. In this example, compound switch 610 includes an
electromechanical switching device 614 connected between
terminals T, and T,,. Electromechanical switching device
614 is connected in parallel with a solid state switching device
implemented as compound switch 612. In this way, electro-
mechanical switching device may shunt compound switching
device 614.

Compound switch 612, in this example, has the same archi-
tecture as compound switch 210 (FIG. 2A). In this example,
solid state switching devices 622 and 626 may have the same
characteristics as solid state switching devices 212 and 216
(FIG. 2A), respectively. Electromechanical switching device
624 may have the same characteristics as electromechanical
switching device 214 (FIG. 2A).

As shown in Table 650 (FIG. 6B), combo switch 610 is
closed according to a sequence in which combo switch 612 is
first effectively closed. Actuation of solid state switching
device 624 as part of closing combo switch 612 may occur at
a time when electromechanical switching device 624 is pro-
tected from a damaging hot switched voltage across terminals
Ty and T, by the combined operation of solid state switching
devices 622 and 626. Table 660 illustrates a switching
sequence for opening of compound switch 610 under which
electromechanical switching device 624 is also protected
from actuation with a damaging hot switched voltage across
its terminals by operation of electromechanical switching
devices 622 and 626.

Table 650 (FIG. 6B) also illustrates that as part of the
closing sequence of compound switch 610, compound switch
612 is first closed. In this state, compound switch 612 has
characteristics that ensure a relatively low voltage across the
terminals of electromechanical switching device 614.
Though, it should be appreciated that the specific voltage
across the terminals may depend on the parameters of the
components of compound switch 612 relative to parameters
of'other components in the circuit in which compound switch
610 is used. Nonetheless, in some scenarios, the operation of
compound switch 612 will provide a voltage across the ter-
minals of electromechanical switching device 614 that is
below Vsw for electromechanical switching device 614 and
therefore deemed safe for actuation of electromechanical
switching device 614 without an unacceptable risk of degrad-
ing the reliability of electromechanical switching device 614.
Table 660 similarly illustrates that upon opening of com-
pound switch 610, electromechanical switching device 614 is
actuated while compound switching device 612 is effectively
in a closed state. In this way, electromechanical switching
device 614 opens with a relatively low voltage across its
terminals.
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Example 5 provides an illustration of values that may be
achieved with a compound switch as in FIG. 6A.

Example 5

Roff 1.4E+11
Coff 104
Ron 0.15
Ton + Toff 7.75
Ide 1.0
Vsw 60.0
Isw 0.37
FOM2 64
FOM4 2.6E+11

FIG. 7A shows yet a further example of an architecture of
a compound switch. In FIG. 7A, compound switch 710 is
shown in with terminals T,, and T,,. In this example, com-
pound switch 710 includes a compound switch 712, which
has an architecture similar to that of compound switch 210
(FIG. 2A). In this example, solid state switching devices 722
and 732 may have characteristics similar to solid state switch-
ing devices 212 and 216 (FIG. 2A). Electromechanical
switching device 624 may have characteristics similar to
those of electromechanical switching device 214 (FIG. 2A).

As illustrated in Table 750 (FIG. 7B), solid state switching
device 722, electromechanical switching device 724 and
solid state switching device 732 may be actuated in the same
order as corresponding switching devices of FIG. 2A upon
closing of compound switch 710. Table 760 illustrates that
those switching devices may be opened in an order corre-
sponding to the order that matches the order of opening cor-
responding switching devices upon opening of compound
switch 210.

Table 750 illustrates that, subsequent to closing of com-
pound switch 712, electromechanical switching device 734
may close. In this example, electromechanical switching
device 734 is connected in parallel with solid state switching
device 732. Accordingly, closing electromechanical switch-
ing device 734 further lowers the on resistance of compound
switch 710. Thus, an alternative approach for describing the
architecture of compound switch 710 is that it has the same
architecture as compound switch 210 (FIG. 2A) but with solid
state switching device 216 replaced by comboswitch 714.

Example 6 provides an illustration of values that may be
achieved with a compound switch as in FIG. 7A.

Example 6
Roff 1.7E+11
Coff 10.2
Ron 0.3
Ton + Toff 7.75
Ide 1.0
Vsw 60.0
Isw 0.833
FOM2 33
FOM4 3.5E+11

FIG. 8A illustrates yet a further alternative architecture for
a compound switch. FIG. 8A illustrates a compound switch
810 that may be hot switched with a voltage across terminals
T,;and T, ,. Inthis example, compound switch 810 is formed
from an electromechanical switching device 824 connected
in parallel with a solid state switching device. For closing
compound switch 810, the solid state switching device may
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first be closed, providing a low impedance path between the
terminals T, ; and T, ,. A low impedance path provides a low
voltage drop across terminals, protecting the electromechani-
cal switching device 824 from switching with a voltage across
its terminals large enough to degrade reliability of electrome-
chanical switching device 824.

In this example, the solid state switching device in parallel
with electromechanical switching device 824 is implemented
as compound switch 812. Compound switch 812 includes an
electromechanical switching device 820 in series with a solid
state switching device. In this example, that solid state
switching device is also implemented as a compound switch
822. Here, compound switch 822 is shown with the same
architecture as compound switch 210 (FIG. 2A). Accord-
ingly, solid state switching devices 830 and 834 may have
characteristics similar to those of solid state switching
devices 212 and 216 (FIG. 2), respectively. Electromechani-
cal switching device 832 may have characteristics similar to
those of electromechanical switching device 214 (FIG. 2A).

FIG. 8B illustrates in Table 850 a switching sequence for
the elements of compound switch 810. As illustrated in Table
850, solid state switching device is isolated from a hot
switched voltage across terminals T, ; and T, , by compound
switch 822. Electromechanical switching device 832, when
actuated, is protected from a hot switched voltage by the
combined operation of solid state switching devices 830 and
834. Table 860 illustrates that the electromechanical switch-
ing devices are similarly protected during an opening
sequence of compound switch 810.

Example 7 provides an illustration of values that may be
achieved with a compound switch as in FIG. 8A.

Example 7

Roff 5.0E+11
Coff 0.4
Ron 0.15
Ton + Toff 8.75
Ide 1.0
Vsw 60.0
Isw 0.2
FOM2 1667
FOM4 1.4E+13

Yet a further architecture for a compound switch is illus-
trated in FIG. 9A. FIG. 9A illustrates a compound switch 910.
In this example, compound switch 910 has an architecture
between terminals T,5 and T, in the form of compound
switch 310 (FIG. 3A). As shown in FIG. 9A an electrome-
chanical switching device 912 is in series with a solid state
switching device. In this example, the solid state switching
device is implemented as a compound switch 914. Accord-
ingly, electromechanical switching device 912 may have
characteristics similar to those described above for electro-
mechanical switching device 312 (FIG. 3A).

In this example, compound switch 914 has the same archi-
tecture as compound switch 610 (FIG. 6A). Accordingly,
electromechanical switching device 922 may have character-
istics similar to electromechanical switching device 614
(FIG. 6A). Similarly, compound switch 920, forming a por-
tion of compound switch 914, may have characteristics simi-
lar to those of compound switch 612 (FIG. 6A). Accordingly,
electromechanical switching device 932 may have character-
istics similar to those of electromechanical switching device
624. Solid state switching devices 930 and 934 may have
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characteristics similar to those of solid state switching
devices 622 and 626 (FIG. 6A), respectively.

Table 950 (FIG. 9B) illustrates the switching sequence
upon closing of compound switch 910. As shown, the switch-
ing sequence resembles that of compound switch 610 (FIG.
6B) preceded by operation of an electromechanical switching
device, as illustrated in FIG. 3B. Table 960 illustrates a
sequence upon opening of compound switch 910. As illus-
trated in Table 960, the switching sequence is similar to that of
compound switch 610 (FIG. 6B) followed by opening of an
electromechanical switching device as illustrated in FIG. 3B.

Example 8 provides an illustration of values that may be
achieved with a compound switch as in FIG. 9A.

Example 8

Roff 1.0E+12
Coff 0.2
Ron 0.246
Ton + Toff 8.75
Ide 1.0
Vsw 60.0
Isw 0.37
FOM2 2029
FOM4 4.2E+13

FIG. 10A illustrates yet a further alternative embodiment
of'a compound switching device. In this example, compound
switching device 1010 is shown with an architecture between
terminals T, and T 4 similar to that of compound switch 310
(FIG. 3A). Though, in this case, the solid state switching
device analogous to solid state switching device 314 is itself
implemented as a compound switching device.

Accordingly, FIG. 10A shows an electromechanical
switching device 1012, which may have characteristics simi-
lar to those of electromechanical device 312 (FIG. 3A). Elec-
tromechanical switching device 1012 is shown in series with
a solid state switching device. Here, that solid state switching
device is a compound switch, having an architecture similar
to the architecture of compound switch 710 (FIG. 7A).
Accordingly, solid state switching devices 1030 and 1034
may have characteristics similar to those of solid state switch-
ing devices 722 and 732 (FIG. 7A), respectively. Similarly,
electromechanical switching devices 1032 and 1040 may
have characteristics similar to those of electromechanical
switching devices 724 and 734 (FIG. 7A), respectively.

As illustrated in Table 1050 (FIG. 10B), compound switch
1010 may be operated in accordance with a switching
sequence similar to that illustrated for compound switch 610,
but proceeded by closing of electromechanical switch 1012
as described above in connection with FIG. 3B. Table 1060
(FIG. 10B) illustrates that upon opening of compound switch
1010, a switching sequence as illustrated in Table 660 (FIG.
6B) may be used followed by opening of an electromechani-
cal switching device 1012, as illustrated in Table 360 (FIG.
3B).

Example 9 provides an illustration of values that may be
achieved with a compound switch as in FIG. 10A.

Example 9

Roff 1.0E+12
Coff 0.2
Ron 0.367
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-continued
Ton + Toff 8.75
Ide 1.0
Vsw 60.0
Isw 0.833
FOM2 1364
FOM4 7.8E+13

FIG. 11A illustrates yet a further alternative embodiment
of a compound switch. In this example, compound switch
1110 is configured for hot switching between terminals T
and T,,.

Compound switch 1110 is implemented as a parallel com-
bination of an electromechanical switching device 1014 and a
solid state switching device. In this example, the solid state
switching device is implemented as compound switch 1112.
In operation, compound switch 1112 provides a low imped-
ance path across the terminals of electromechanical switch-
ing device 1114 so as to provide a low voltage drop between
the terminals T, and T,,, upon switching of electromechani-
cal switching device 1114.

In this example, compound switch 1112 has an architecture
similar to that of compound switch 310 (FIG. 3A). According,
electromechanical switching device 1120 may have charac-
teristics similar to that of electromechanical switching device
312 (FIG. 3A). Solid state switching device 1122 may have
characteristics similar to that of solid state switching device
314 (FIG. 3A).

FIG. 11B illustrates a switching sequence for closing of
compound switch 1110. As can be seen in table 1150, the
switching sequence upon closing includes actions that first
close compound switch 1112 and then close electromechani-
cal switching device 1114. Table 1160 shows the sequence
upon opening of compound switch 1110. As illustrated, elec-
tromechanical switching device 1114 first opens. Then, com-
pound switching device 1112 is opened.

Example 10 provides an illustration of values that may be
achieved with a compound switch as in FIG. 11A.

Example 10
Roff 5.0E+11
Coff 0.4
Ron 0.15
Ton + Toff 2.25
Ide 1.0
Vsw 200.0
Isw 0.002
FOM2 1667
FOM4 1.5E+12

FIG. 12A illustrates yet a further alternative embodiment
of'a compound switch. FIG. 12A shows a compound switch
1210 with terminals T, and T,,. In this example, compound
switch 1210 has an architecture similar to that of compound
switch 310 (FIG. 3A). Accordingly, electromechanical
switching device 1220 is shown in series with a solid state
switching device. Accordingly, electromechanical switching
device 1220 may have characteristics similar to those of elec-
tromechanical switching device 312 (FIG. 3A).

In this example, the solid state switching device in series
with electromechanical switching device 1220 is imple-
mented as compound switch 1214. In this example, com-
pound switch 1214 is implemented by a parallel combination
of an electromechanical switching device 1224 and an solid
state switching device 1222. Solid state switching device
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1222 may have characteristics similar to those of solid state
switching device 314 (FIG. 3A). Though by forming a com-
bination switch including electromechanical switching
device 1224 in parallel with solid state switching device 1222,
upon closing of compound switch 1214 the on resistance may
be lower than four solid state switching device 314 alone.

FIG. 12B illustrates in Table 1250 a switching sequence for
compound switch 1210. As can be seen in Table 1250, upon
closing of compound switch 1210, electromechanical switch-
ing device 1220 is closed at a time when it is isolated from a
hot switched voltage across terminals T,; and T,, by com-
pound switch 1214 being in an open state. Electromechanical
switching device 1224 is protected upon closing by a low
impedance path across its terminal, created by solid state
switching device 1222 already being turned on when electro-
mechanical switching device 1224 is actuated. Table 1260
(FIG. 12B) illustrates that electromechanical switching
devices 1220 and 1224 are similarly protected from a hot
switched voltage during an opening sequence.

In the foregoing example embodiments, compound
switches are illustrated formed with a combination of elec-
tromechanical switching devices and solid state switching
devices. In each of the examples, the constituent switching
devices are illustrated as having the same characteristics.
These implementations were selected for simplicity in com-
paring performance characteristics of the compound
switches. It should be appreciated however, that these specific
performance characteristics are not critical to the invention.
Compound switches may be formed with constituent switch-
ing devices of different characteristics for different combina-
tions of characteristics.

Example 11 provides an illustration of values that may be
achieved with a compound switch as in FIG. 12A.

Example 11

Roff 1.0E+12
Coff 0.2
Ron 0.3
Ton + Toff 2.25
Ide 1.0
Vsw 200.0
Isw 0.002
FOM2 1667
FOM4 3.0E+12

It should be appreciated that compound switches, includ-
ing when incorporated in an switch matrix instrument as
described above, may be used in a method of testing a semi-
conductor device. Such testing may include setting the state
of compound switches to connect instruments in a test system
to generate or measure signals at specific points on a device
under test. The method may further include reconfiguring the
switches, including by hot-switching while the instruments
are still generating test signals, to connect those instruments
to other test points. The test of the semiconductor device may
then continue.

Having thus described several aspects of at least one
embodiment of this invention, it is to be appreciated that
various alterations, modifications, and improvements will
readily occur to those skilled in the art.

For example, it should be appreciated that, though the
invention is illustrated in connection with automatic test
equipment used in the manufacture of semiconductor
devices, the invention is not so limited. A compound switch
may be used in any suitable type oftest equipment. Moreover,
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a compound switch as described herein may be used in other
types of systems and may even be packaged as a separate
component, which, in some embodiments, may include a
control circuit to operate the switching devices constituting
the compound switch in accordance with a defined sequence.

Further, numeric values of various parameters are provided
as examples. It should be appreciated that variations around
the stated values may be made.

Moreover, the specific values given are illustrative of a
specific embodiment. In other embodiments, the ratios of
values may be maintained, but other values may be used
instead.

In other embodiments, the values of some parameters may
depend on the values of other parameters. For example, also
in the embodiment of FIG. 2A, solid state switching device
216 may be selected to have a capacitance that depends on the
current sourcing capabilities of electromechanical switching
device 214. That capacitance may be such that electrome-
chanical switching device 214 can switch into that capaci-
tance at a target operating voltage and/or within a target time.

Such alterations, modifications, and improvements are
intended to be part of this disclosure, and are intended to be
within the spirit and scope of the invention. Further, though
advantages of the present invention are indicated, it should be
appreciated that not every embodiment of the invention will
include every described advantage. Some embodiments may
not implement any features described as advantageous herein
and in some instances. Accordingly, the foregoing description
and drawings are by way of example only.

The above-described embodiments of the present inven-
tion can be implemented in any of numerous ways. For
example, the embodiments may be implemented using hard-
ware, software or a combination thereof. As a specific
example, timing circuit 160 may be implemented with soft-
ware programming of a general purpose computer or by firm-
ware programming in an FPGA or other programmable
device. Alternatively, operations to generate control signals
may be implemented by the configuration of an ASIC or other
hardware component. When implemented in software, the
software code can be executed on any suitable processor or
collection of processors, whether provided in a single com-
puter or distributed among multiple computers. Such proces-
sors may be implemented as integrated circuits, with one or
more processors in an integrated circuit component. Though,
a processor may be implemented using circuitry in any suit-
able format.

Further, it should be appreciated that a computer may be
embodied in any of a number of forms, such as a rack-
mounted computer, a desktop computer, a laptop computer, or
a tablet computer. Additionally, a computer may be embed-
ded in a device not generally regarded as a computer but with
suitable processing capabilities, including a Personal Digital
Assistant (PDA), a smart phone or any other suitable portable
or fixed electronic device.

Also, a computer may have one or more input and output
devices. These devices can be used, among other things, to
present a user interface. Examples of output devices that can
be used to provide a user interface include printers or display
screens for visual presentation of output and speakers or other
sound generating devices for audible presentation of output.
Examples of input devices that can be used for auser interface
include keyboards, and pointing devices, such as mice, touch
pads, and digitizing tablets. As another example, a computer
may receive input information through speech recognition or
in other audible format.

Such computers may be interconnected by one or more
networks in any suitable form, including as a local area net-
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work or a wide area network, such as an enterprise network or
the Internet. Such networks may be based on any suitable
technology and may operate according to any suitable proto-
col and may include wireless networks, wired networks or
fiber optic networks.

Also, the various methods or processes outlined herein
may be coded as software that is executable on one or more
processors that employ any one of a variety of operating
systems or platforms. Additionally, such software may be
written using any of a number of suitable programming lan-
guages and/or programming or scripting tools, and also may
be compiled as executable machine language code or inter-
mediate code that is executed on a framework or virtual
machine.

In this respect, the invention may be embodied as a com-
puter readable storage medium (or multiple computer read-
able media) (e.g., a computer memory, one or more floppy
discs, compact discs (CD), optical discs, digital video disks
(DVD), magnetic tapes, flash memories, circuit configura-
tions in Field Programmable Gate Arrays or other semicon-
ductor devices, or other tangible computer storage medium)
encoded with one or more programs that, when executed on
one or more computers or other processors, perform methods
that implement the various embodiments of the invention
discussed above. As is apparent from the foregoing examples,
a computer readable storage medium may retain information
for a sufficient time to provide computer-executable instruc-
tions in a non-transitory form. Such a computer readable
storage medium or media can be transportable, such that the
program or programs stored thereon can be loaded onto one or
more different computers or other processors to implement
various aspects of the present invention as discussed above.
As used herein, the term “computer-readable storage
medium” encompasses only a computer-readable medium
that can be considered to be a manufacture (i.e., article of
manufacture) or a machine. Alternatively or additionally, the
invention may be embodied as a computer readable medium
other than a computer-readable storage medium, such as a
propagating signal.

The terms “program” or “software” are used herein in a
generic sense to refer to any type of computer code or set of
computer-executable instructions that can be employed to
program a computer or other processor to implement various
aspects of the present invention as discussed above. Addition-
ally, it should be appreciated that according to one aspect of
this embodiment, one or more computer programs that when
executed perform methods of the present invention need not
reside on a single computer or processor, but may be distrib-
uted in a modular fashion amongst a number of different
computers or processors to implement various aspects of the
present invention.

Computer-executable instructions may be in many forms,
such as program modules, executed by one or more comput-
ers or other devices. Generally, program modules include
routines, programs, objects, components, data structures, etc.
that perform particular tasks or implement particular abstract
data types. Typically the functionality of the program mod-
ules may be combined or distributed as desired in various
embodiments.

Various aspects of the present invention may be used alone,
in combination, or in a variety of arrangements not specifi-
cally discussed in the embodiments described in the forego-
ing and is therefore not limited in its application to the details
and arrangement of components set forth in the foregoing
description or illustrated in the drawings. For example,
aspects described in one embodiment may be combined in
any manner with aspects described in other embodiments.
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Also, the invention may be embodied as a method, of which
an example has been provided. The acts performed as part of
the method may be ordered in any suitable way. Accordingly,
embodiments may be constructed in which acts are per-
formed in an order different than illustrated, which may
include performing some acts simultaneously, even though
shown as sequential acts in illustrative embodiments.

Use of ordinal terms such as “first,” “second,” “third,” etc.,
in the claims to modify a claim element does not by itself
connote any priority, precedence, or order of one claim ele-
ment over another or the temporal order in which acts of a
method are performed, but are used merely as labels to dis-
tinguish one claim element having a certain name from
another element having a same name (but for use of the
ordinal term) to distinguish the claim elements.

Also, the phraseology and terminology used herein is for
the purpose of description and should not be regarded as
limiting. The use of “including,” “comprising,” or “having,”
“containing,” “involving,” and variations thereof herein, is
meant to encompass the items listed thereafter and equiva-
lents thereof as well as additional items.

What is claimed is:
1. A compound switch having a first terminal and a second
terminal and an internal terminal, the compound switch com-
prising:
an electromechanical switching device having a first ter-
minal and second terminal;
a first solid state switching device having a first terminal
and a second terminal; and
asecond solid state switching device having a first terminal
and a second terminal,
a control circuit for generating control signals in accor-
dance with a closing sequence of at least the electrome-
chanical switching device, the first solid state switching
device and the second solid state switching device, to
close a connection between the first terminal and the
second terminal of the compound switch, wherein, dur-
ing the closing sequence, a control signal is applied to
the first solid state switching device prior to a control
signal being applied to the electromechanical switching
device;
wherein:
the electromechanical switching device and the first
solid state switching device are connected in parallel
between the first terminal of the compound switch and
the internal terminal of the compound switch and the
second solid state switching device is connected
between the internal terminal of the compound switch
and the second terminal of the compound switch.
2. The compound switch of claim 1, wherein:
the first solid state switching device comprises a first con-
trol input;
the electromechanical switching device comprises a sec-
ond control input;
the second solid state switching device comprises a third
control input;
wherein the closing sequence comprises:
generating a control signal at the first control input that
places the first solid state switching device in a low
resistance state;

subsequently generating a control signal at the second
input that places the electromechanical switching
device in a low resistance state; and

subsequently generating a control signal at the third
control input that places the second solid state switch-
ing device in a low resistance state.
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3. The compound switch of claim 2, wherein:

the control circuit is further adapted for controlling an
opening sequence, the opening sequence comprising:

generating a control signal at the third control input that
places the second solid state switching device in a high
resistance state;

subsequently generating a control signal at the second
input that places the electromechanical switching device
in a high resistance state; and

subsequently generating a control signal at the first control
input that places the first solid state switching device in
a high resistance state.

4. The compound switch of claim 1, wherein:

the electromechanical switching device is a reed relay.

5. The compound switch of claim 1, wherein:

the first solid state switching device and the second solid
state switching device have different on resistance and
different off capacitance.

6. The compound switch of claim 1, wherein:

the first solid state switching device has a lower on capaci-
tance than the second solid state switching device.

7. The compound switching device of claim 6, wherein:
the second solid state switching device has a lower on
resistance than the first solid state switching device.

8. The compound switching device of claim 7, wherein:

the on resistance of the second solid state switching device
is no more than four times the on resistance of the elec-
tromechanical switching device.

9. The compound switching device of claim 1, wherein:

the compound switching device of claim 1 comprises a first
switching device; and

the compound switching device further comprises a second
electromechanical switching device coupled to shunt the
compound switching device of claim 1.

10. The compound switching device of claim 1, wherein:

the compound switching device of claim 1 comprises a first
switching device; and

the compound switching device further comprises a second
electromechanical switching device coupled to shunt the
second solid-state switching device of the compound
switch of claim 1.

11. A compound switch having a first terminal and a second

terminal, the compound switch comprising:

an electromechanical switching device having a first ter-
minal and second terminal; and

a solid state switching device having a first terminal and a
second terminal,

a control circuit for generating control signals in accor-
dance with a closing sequence of at least the electrome-
chanical switching device and the solid state switching
device to close a connection between the first terminal
and the second terminal of the compound switch,
wherein, during the closing sequence, a control signal is
applied to the solid state switching device prior to a
control signal being applied to the electromechanical
switching device;

wherein:

the electromechanical switching device and the solid state
switching device are connected in series between the
first terminal of the compound switch and the second
terminal of the compound switch with the second termi-
nal of the electromechanical switching device coupled
to the first terminal of the solid state switching device.

12. The compound switch of claim 11, wherein:

the electromechanical switching device is a reed relay.
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13. The compound switch of claim 11, wherein:
the solid state switching device comprises an optoelec-
tronic relay.
14. The compound switch of claim 11, wherein:
the electromechanical switching device comprises a first
control input;
the solid state switching device comprises a second control
input; and
the first control input and the second control input are
configured for separate control of the electromechanical
switching device and the solid state switching device.
15. The compound switch of claim 14, wherein:
the closing sequence comprises:
generating a control signal at the first control input that
places the electromechanical switching device in a
low resistance state; and
subsequently generating a control signal at the second
control input that places the solid state switching
device in a low resistance state.
16. The compound switch of claim 15, wherein:
the control circuit is further adapted for controlling an
opening sequence, the opening sequence comprising:
generating a control signal at the second control input
that places the solid state switching device in a high
resistance state; and
subsequently generating a control signal at the first con-
trol input that places the electromechanical switching
device in a high resistance state.
17. The compound switch of claim 11, wherein:
the electromechanical switching device of claim 11 com-
prises a first electromechanical switching device;
the solid state switching device of claim 11 is a first solid
state switching device; and
the compound switch of claim 11 further comprises:
a second electromechanical switching device connected
in parallel with the first solid state switching device;
a second solid state switching device connected in series
with the parallel combination of the second electro-
mechanical switching device and the first solid state
switching device.
18. The compound switch of claim 11, wherein:
the electromechanical switching device of claim 11 com-
prises a first electromechanical switching device;
the solid state switching device of claim 11 comprises a
first solid state switching device; and
the compound switch of claim 11 further comprises:
a second electromechanical switching device connected
in parallel with the first solid state switching device;
a second solid state switching device connected in series
with the parallel combination of the second electro-
mechanical switching device and the first solid state
switching device; and
a third electromechanical switching device coupled to
shunt the first and second electromechanical switch-
ing devices and the second solid state switching
device when the third electromechanical switching
device is in a low resistance state.
19. The compound switch of claim 11, wherein:
the electromechanical switching device of claim 11 com-
prises a first electromechanical switching device;
the solid state switching device of claim 11 comprises a
first solid state switching device; and
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the compound switch of claim 11 further comprises:
a second electromechanical switching device connected
in parallel with the first solid state switching device;
a second solid state switching device connected in series
with the parallel combination of the second electro-
mechanical switching device and the first solid state
switching device; and
a third electromechanical switching device coupled to
shunt the second electromechanical switching
devices and the second solid state switching device
when the third electromechanical switching device is
in a low resistance state.
20. The compound switch of claim 11, wherein:
the electromechanical switching device of claim 11 com-
prises a first electromechanical switching device;
the solid state switching device of claim 11 comprises a
first solid state switching device; and
the compound switch of claim 11 further comprises:
a second electromechanical switching device connected
in parallel with the first solid state switching device;
a second solid state switching device connected in series
with the parallel combination of the second electro-
mechanical switching device and the first solid state
switching device; and
athird electromechanical switching device connected in
parallel with the second solid state switching device.
21. The compound switch of claim 11, wherein:
the compound switching device further comprises a second
electromechanical switching device, the second electro-
mechanical switching device being coupled to shunt the
solid state switching device and first electromechanical
switching device when the second electromechanical
switching device is in a low resistance state.
22. The compound switch of claim 11, wherein:
the compound switch of claim 11 comprises a first switch-
ing device; and
the compound switch further comprises a second electro-
mechanical switching device, the second electrome-
chanical switching device being connected in parallel to
the solid state switching device.
23. A compound switch having a first terminal and a second

terminal, the compound switch comprising:

a first electromechanical switching device having a first
terminal and second terminal; and

a first solid state switching device having a first terminal
and a second terminal, wherein the second terminal of
the first electromechanical switching device is con-
nected to the first terminal of the first solid state switch-
ing device;

a second electromechanical switching device connected
in parallel with the first solid state switching device;
and

a second solid state switching device having a first ter-
minal and second terminal, wherein the first terminal
of'the second solid state switching device is connected
to the second terminal of the first solid state switching
device; and

athird electromechanical switching device connected to
shunt, when closed, at least the second solid state
switching device.
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